W HY should we be interested in the genetics of risk of sepsis? Astute clinicians have observed for years quite variable interpersonal risk of infection despite similar environments and exposure to pathogens. If one could fast forward to a day when a clinician could assess (by genotyping a patient) the degree of risk of infection, what would be the clinical utility of such knowledge? Such individual patient risk stratification could be used to supplement clinical information to select individuals for different-patient-specificpreventive strategies before surgery that has increased risk of infection, before chemotherapy, before use of immunosuppressive agents for inflammatory diseases, and before use of other devices and drugs that increase risk of infection. Defensins are antimicrobial, cytotoxic peptides stored in azurophilic granules of neutrophils. The ␣-defensin genes (denoted DEFA1-3) code for human neutrophil peptides 1-3 (HNP1-3) and have great genetic variability. In this issue of ANESTHESIOLOGY, Chen et al. 1 report their case-control study of genetic variability (copy number variants [CNVs]) of DEFA1-3 and the risk of severe sepsis. Patients who had severe sepsis had greater copy number (median 9) of DEFA1-3 compared with controls (median 7, odds ratio 2.77, 95% CI 1.84 -4.16) in a discovery cohort of 179 severe sepsis (cases) and 233 healthy blood donors (controls). The results were replicated in a second replication case-control study (copy number of DEFA1-3 was nine in severe sepsis cases vs. seven in controls). Biologic plausibility was assessed by comparing the genotype to circulating levels of HNP1-3: patients who had greater than eight copies of DEFA1-3 had lower HNP1-3 than did patients who had less than or equal to eight copies of DEFA1-3. Furthermore, patients who had greater than eight copies of DEFA1-3 had lower plasma levels of tumor necrosis factor-␣, interleukin-6, and interleukin-10. Chen et al. 1 concluded that patients having greater than eight copies of DEFA1-3 are at risk for severe sepsis.
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How clear is the evidence that risk of infection and death from infection could be heritable? Sorensen et al. 2 provided a sound foundation to this insight. They studied adopted humans in a large Danish registry to examine how risk of disease of persons was correlated (or not) with the diseases that caused death of first, the biologic parents and second, the parents who raised the person in essence to compare "genes" with "environment." Ironically, if one of the biologic parents died of infection before the age of 50 yr, then the person had a 5.8 increased relative risk of dying of infection. In contrast, there was no correlation of the risk of death from infection between the child-raising parents and the person. Thus, Sorensen et al. 2 suggested that the risk of dying of infection may be highly heritable. Accordingly, it is plausible that variations in genes of the host response to infection, such as innate immunity genes, inflammatory genes, and perhaps even coagulation pathway genes, could explain the heritability of risk of infection and of risk of death from infection.
How do defensins relate to this risk of infection? Neutrophils are key components of the innate immune response to infection and direct and respond to a complex orchestra of signals and mediators. The neutrophil response is scaled according to variables, such as organism load, site of infection, and even type of organism. One instrument section that the conductor of the response to infection calls upon early from the orchestra is the defensins. 3 Defensins are the fundamental components of innate immunity. Defensins are classified as ␣ and ␤. The ␣, or classic, defensins (denoted DEFA1-3) are antimicrobial peptides of neutrophils, macrophages, and mucosal crypt cells. DEFA1-3 also enhances phagocytosis by macrophages (so increasing microorganism killing), recruits additional neutrophils (thus escalating the scale of the neutrophil response), regulates complement activation (also enhancing microorganism killing) and is chemotactic for T cells 4 and dendritic cells. The ␣ defensins seem to enhance the serum immunoglobulin G response and induce CD4ϩ cells proliferation and cytokine responses. 5 Accepted for publication January 27, 2010. Dr. Russell reports holding stock in Sirius Genomics Inc. (Vancouver, British Columbia, Canada), which has submitted patents owned by the University of British Columbia (Vancouver, British Columbia, Canada) and licensed to Sirius Genomics, that are related to the genetics of vasopressin and protein C. The University of British Columbia has also submitted a patent related to the use of vasopressin in septic shock. Dr. Russell reports being an inventor on these patents. Dr. Russell reports receiving consulting fees from Ferring (Saint-Prex, Switzerland), which manufactures vasopressin, and from Sirius Genomics Inc. Dr. Russell reports receiving grant support from Sirius Genomics, Novartis (Parsippany, New Jersey), Ferring, and Eli Lilly (Indianapolis, Indiana). Dr. Russell has received speaking honoraria from Pfizer (New York, New York) and Eli Lilly. The DEFA1-3 code for HNP1-3 has great variability of copy number (CNV). It is known that the protein levels of HNP1-3 increase in sepsis. It has also been shown that genetic variation of ␤ defensin1 (DEFB1) has been associated with risk of and death from sepsis. 6 Therefore, it is reasonable to hypothesize that there is an association between CNV of DEFA1-3 and risk of sepsis.
CNVs usually alter the risk of disease by altering the gene expression and may be an underevaluated source of genetic variability. Aldred et al. 7 found that normal humans had 4 -11 copies of DEFA1-3, an unusually high variability of copy number. Furthermore, there is evolutionary conservation at work: apes, chimpanzees, gorillas, and humans all show marked variability of copy number of DEFA1-3. 7 Chen et al. 1 found that patients who had greater than eight copies of DEFA1-3 had lower levels of HNP1-3 (as well as lower tumor necrosis factor-␣ and interleukin-6) and had significantly increased risk of severe sepsis. Other authors have assessed the relationship between CNV of DEFA1-3 and levels of HNP1-3 and found conflicting results. Indeed, Aldred et al. 7 noted that there was no relationship between the copy number of DEFA1-3 and total DEFA1-3 mRNA, suggesting that there are superimposed trans-acting factors. Therefore, it is uncertain how to reconcile the lack of relationship of CNV of DEFA1-3 and DEFA1-3 expression in normal humans, 7 with the strong inverse relationship between CNV of DEFA1-3 and serum HNP1-3 levels in septic patients. 1 Chen et al. 1 speculate that sepsis causes neutrophil dysfunction, which somehow "dysregulates the release of HNP1-3 into the circulation," but this is unproven.
Some of the strengths of the study by Chen et al. are that there is a discovery case-control study and a replication casecontrol study that the main genotype/clinical phenotype association findings did replicate, that there was measurement of intermediate phenotypes (HNP1-3) to assess the biologic plausibility, that all patients and controls were one ethnicity (decreasing risk of population admixture), and that the odds ratios were relatively high (2.77 in discovery study, 1.90 in replication study). Issues for consideration are the relatively small sample sizes, the unusual relationship of CNV of DEFA1-3 with plasma levels of HNP1-3, that the study is single center, and that the results may not apply (until further studied) to other settings or diseases.
Thus, we are left with a replicated case-control genetic association study between CNV of DEFA1-3 and risk of sepsis in which there was a higher CNV (median 9) of DEFA1-3 in severe sepsis compared with healthy controls (median 7) in a Chinese Han population. 1 It will be interesting to see whether these provocative findings are replicated by other investigators in other geographic locations (because genetic expression may vary according to the geographic location 8 ), in other ethnicities, and in other infections. If the findings of Chen et al. 1 are true, then copy number variation of DEFA1-3 may be an important but highly variable instrument section in the orchestrated response to infection that explains at least in part the heritability of infection.
